Introduction {#sec1-1}
============

Riau Island is the largest area in Indonesia that produces the grouper, with a total of 1940 ton production \[[@ref1]\]. The juveniles supplied by the fisher or its hatchery \[[@ref2]\]. Bintan district is the base of the grouper producer in the Riau, and its productivity reaches about 46% (892 ton/1940 ton) in 2013 \[[@ref3]\]. Viral nervous necrosis (VNN) also was known as viral encephalopathy retinopathy; fish viral encephalitis is a neuropathogenic disease caused by Betanodavirus infection from the Nodavirus family. VNN has a spherical form with a diameter of 25-30 nm and non-envelope virus. VNN has a significant economic impact on the ocean's industry since 1980 and causes massive deaths of \>39 fish species \[[@ref4],[@ref5]\] including grouper.

The first report of the VNN was identified in 1990 on a parrot fish (larval and juvenile stadium) in Japan and barramundi fish in Australia. At June--July in the Nagasaki, a large number of the juvenile with 6-25 mm lengths died when the water temperature increases during the summer \[[@ref6],[@ref7]\] which then spread widely to the Southeast Asia region, Mediterranean countries, the United Kingdom, North America, and also Australia \[[@ref8]\]. In Indonesia itself, VNN infects the snapper fish hatchery in East Java, in 1997, which then spreading to Ambon territorial waters \[[@ref3],[@ref9]\].

The spreading of VNN disease in the Bintan mediated by the water, food, and spawns from an outside district \[[@ref10],[@ref11]\] and the inappropriate handling \[[@ref12]\]. The infection of VNN is difficult to eradicate since the environmental condition also plays a major role in viral growth and spreading \[[@ref13]\]. An appropriate condition to support the growth of the grouper is water temperature (24-31°C), the salinity (30-33 ppt), dissolved oxygen (DO) (\>3.5 ppm), and the pH (7.8-8.0) \[[@ref14]\]. Another factor such as culture management and food is also related to fish illnesses \[[@ref15]\]. Culture management at the cage net consists of stocking density, supervision, and routine cage maintenance. The high stocking density could raise the diseases probability and triggers cannibalism among fishes \[[@ref16]\].

The aim of the study was to determine the prevalence and risk factors of VNN disease in tiger grouper cultured in the floating net cage in Bintan district, Indonesia.

Materials and Methods {#sec1-2}
=====================

Ethical approval {#sec2-1}
----------------

Ethical approval with certificate no. 00034/04/LPPT/IV/2017 issued by LPPT Gadjah Mada University.

Sample size {#sec2-2}
-----------

The sample collected in the hatchery unit by the double stages method and mapped by the assumption of the prevalence of 15%, the confidence level of 95%, and the maximum error of 0.05. The sample size estimated by the following formula (n=4 PQ/L^2^) \[[@ref17]\].

Based on the formula, the sample (n) discovered about 204. Then, the sample size was recalculated using the design effect approach. The fish pond separated into 49 areas with a total of five fish from each. It collected by the systemic random method following the purposive samples based on its clinical signs.

Sample analysis of fish {#sec2-3}
-----------------------

This study used a target organ including 195 grouper fish brain. The samples examined by the pooling method to become 39 pools. The organ was extracted with RNeasy Mini Kit (Qiagen) and amplified with Qiagen nested polymerase chain reaction (PCR)using the suggested specific primer by Gomez *et al*. \[[@ref18]\].

The eye and kidney fixed with 10% neutral buffer formalin, dehydrated using the tissue processor, blocked with paraffin, sectioned with a microtome into 5-7 µm of thickness, and stained with hematoxylin and eosin. The histopathological slides were examined using the light microscope.

Statistical analysis {#sec2-4}
--------------------

The prevalence of VNN analyzed using the formula below:

![](VetWorld-11-1558-g001.jpg)

The detection of VNN conducted by analyzing the sample by describing data and finding the pattern of every variable. The relationship between two different variables, three, or more variables was analyzed by the bivariate and multivariate method. Univariate analysis conducted and interpreted on every variable. The bivariate analysis was conducted by Chi-square (χ^2^) test using the 2×2 table to determine the association between the cause and effect. The multivariate analysis was conducted to determine the risk factors as an independent variable that affects the dependent variable. All the findings analyzed by the statistical software version 8(Forbes Analytic Inc., USA) using the logistic regression method.

Results {#sec1-3}
=======

Samples were taken from fish with erratic swimming behavior such as whirling and staying on the base of the pond. It supported by the nested PCR diagnostic test that shows 15 ponds are positive for VNN (Figures-[1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}).

![(a and b) The results of nested polymerase chain reaction (M=Marker; 1.1-6.4=The sample codes; K-=Negative control; K+=Positive control).](VetWorld-11-1558-g002){#F1}

![(a-c) The results of nested polymerase chain reaction (M=Marker; 6.2, 6.3, 8.2, and 7.1-11.4=Sample codes, K=Negative control, K+=Positive control).](VetWorld-11-1558-g003){#F2}

The prevalence of VNN on grouper in Bintan district was 38% (15/39). The highest is in Bintan subdistrict (46.67%) followed by East subdistrict and Mantang subdistrict (26.67%). The proportion caused by the number of samples (reach six groups) and the geographical location of Bintan subdistrict as a cultivation center in the Bintan district ([Figure-3](#F3){ref-type="fig"}).

![Proportion of prevalence on the subdistrict.](VetWorld-11-1558-g004){#F3}

Univariate variable description {#sec2-5}
-------------------------------

The sampling method based on the cluster of the floating net cage, it obtained more or less than the target. The sampling distribution location was Mantang subdistrict seven ponds (17.95%), Bintan subdistrict 24 ponds (61.55%), and East Bintan subdistrict eight ponds (20.52%). Mostly, the selected ponds used as sampling sites were a private unit of 64.1% (25/39), while the others 35.9% (14/39) were government property cage units. The total of 56.4% (22/39) sampling sites indicates the prevalence of disease.

Mostly, the academic level of the technicians in the floating net cage was lower or equal to the junior high school. 20 out of 39 technicians (51.30%) were elementary school graduate, and the rest (48.70%) were secondary school graduate. Another finding shows that 56.4% (22/39) of the total technician has a working experience of fewer than 10 years, while 43.6% (17/39) has \>10 years. Surprisingly, a total of 53.8% (21/39) of the technician in Bintan have a good knowledge of the VNN disease. It obtained by the counseling 81.9% (17/21) and the rest by their own experiences 19.2% (4/21).

The private cage unit was the primary sources of the juveniles 51.3% (20/39), while the government property cage unit only 48.7% (19/39). The juvenile producers that already had a guarantee certificate for the VNN disease free are about 71.8% (28/39); however, 28.2% (11/39) had not. The age of fish taken as the sample was ≤60 days 71.8% (28/39) and \>60 days was 28.2% (11/39).

The emergence of pests and predators (PP) occurred in 97.4% (38/39) of floating net cage units, and 2.6% (1/39) did not appear. PP were birds and barnacles. The process of cleaning and replacing nets was also to eliminate competitor pests. Net cleaning was generally done once a week 74.4% (29/39), but there was also a net cleaning once every 2 weeks 25.6% (10/39). The net replacement has done once a month with percentage of 92.3% (36/39), while those who changed the net every 2 months 7.7% (3/39). Feeding frequency is 1-2 times a day showed 25.6% (10/39) and feeding 3-4 times daily as much as 74.4% (29/39). Technicians used natural and artificial feed during maintenance of 56.4% (22/39), artificial feed only of 41% (16/39), and only natural feed of 2.6% (1/39).

Daily water quality checking was performed in 7 out of 39 (17.9%) floating net cages, while the water quality of the rest of floating net cages (82.1%) are not checked daily. It is due to the unavailability of water quality measurement tools in every unit of the floating net cage. Water quality and the cage location were a prominent aspect of the aquaculture. The optimal water quality for the grouper expressed is shown in [Table-1](#T1){ref-type="table"}.

###### 

Variable of waters quality management.

  Variable      Information                        Identification
  ------------- ---------------------------------- ----------------
  pH            pH at the sampling site            6.74±2.05
  DO            DO at the sampling site            8.25±3.59
  Temperature   Temperature at the sampling site   30.00±0.42
  Salinity      Salinity at the sampling site      26.49±8.49
  Ammonium      Ammonium at the sampling site      0±0
  Nitrite       Nitrite at the sampling site       0±0

Bivariate variable description {#sec2-6}
------------------------------

The associations between net cleaning, replacement, and the technician's knowledge variables against the VNN positive as the dependent variable were analyzed using the Chi-square (χ^2^) ([Table-2](#T2){ref-type="table"}).

###### 

Associations between variable of risk factor with VNN positive.

  Variable           Information              VNN   *χ*^2^   p-value                                     
  ------------------ ------------------------ ----- -------- ------------------------------------------- --
  Net cleaning       Cleaning the net cage                                                               
   1 week 1 time     7                        22    9.80     0.002[\*\*\*](#t2f2){ref-type="table-fn"}   
   2 weeks 1 time    8                        2                                                          
  Net replacement    Replacement of the net                                                              
   1 month 1 time    12                       24    5.20     0.023[\*\*](#t2f1){ref-type="table-fn"}     
   2 months 1 time   3                        0                                                          
  Knowledge of VNN   Knowledge of VNN                                                                    
   Yes               5                        16    4.13     0.042[\*\*](#t2f1){ref-type="table-fn"}     
   No                10                       8                                                          

Significant (p\<0.05),

Very significant (p\<0.01), VNN=Viral nervous necrosis

Factors that significantly influence ([Table-2](#T2){ref-type="table"}) were shown with values p=0.05, \<0.05, and \<0.01. Nets cleaning risk factors were a variable that relates very highly significant (*χ*^2^=9.80; p=0.002) with the prevalence of VNN in fish samples. The factors affect the VNN disease showed by p\<0.05. Net cleaning becomes the highest risk factor variable to the prevalence of VNN in Bintan district (*χ*^2^=9.80; p=0.002), and it followed by the net replacement factors (*χ*^2^=5.20; p=0.0226) and technician's knowledge of VNN (*χ*^2^=4.13; p=0.042). Those risk factors are affected by the presence of pests and predators (PP) in the sea. The technicians with good knowledge of VNN could more easily recognize the symptoms of VNN infection make it faster to take preventative management.

Based on questionnaires and field observations, the risk factors of the VNN disease in Bintan were classified into 27, such as floating net cage, technician, and fish information, maintenance, water quality, and feed management. Further, analysis was done by logistic regression test ([Table-3](#T3){ref-type="table"}).

###### 

Logistic regression analysis of VNN disease model.

  Predictor variables      Coefficient   SE        Coefficient/SE   p-value
  ------------------------ ------------- --------- ---------------- ---------
  Constant                 12.7452       4.96754   2.57             0.0103
  Origin                   9.53477       3.77262   2.53             0.0115
  Weather 1                −22.6712      8.31859   −2.73            0.0064
  Weather 2                5.29581       2.94194   1.80             0.0718
  DO                       1.47644       0.61298   2.41             0.0160
  Feed 2                   −17.0412      6.28607   −2.71            0.0067
  Technician experiences   3.51900       2.02221   1.74             0.0818
  Salinity                 −0.83096      0.28139   −2.95            0.0031

SE=Standard error, VNN=Viral nervous necrosis, DO=Dissolved oxygen

The model or multivariate analysis obtained from the logistic regression was VNN = 12.7452+9.53477 (origin)+5.29581 (weather 2)+3.51900 (technician experiences) +1.47644 (dissolved oxygen)--0.83096 (salinity)-17.0412 (feed 2)--22.6712 (weather 1).

The water salinity was the most influences variable on the VNN outbreak (−0.83096) in Bintan with p=0.0031 and odds ratios (OR) of 0.44 (OR=0.25-0.76). It shows that salinity reduces the VNN incidence by 0.44 times. Except for the salinity, weather change is the second influences variable affects the incidence of VNN with p=0.0064 and OR=−22.6712, while, the moderate weather changes associated to the VNN incidence (p=0.0718; OR=5.29581). The third factor was the grouper's diet that has an impact on the VNN incidence (p=0.0067, OR=0.09-1.47). It proves that the artificial diet reduced the VNN incidence in the floating net cage 0.36 times smaller than the natural.

Histopathology {#sec2-7}
--------------

Samples of fish with a positive result by the molecular test were examined based on histopathology. Grouper fish showed the presence of vacuolization on the brain ([Figure-4d](#F4){ref-type="fig"}), on the eye ([Figure-4a](#F4){ref-type="fig"}), on the muscle near the eye ([Figure-4b](#F4){ref-type="fig"}), and also necrosis of kidney ([Figure-4c](#F4){ref-type="fig"}).

![Histopathological changes of grouper organs with natural infection of viral nervous necrosis disease. (a) Vacuolation of the eye, (b) vacuolation of muscle near the eye, (c) necrosis of kidney from red snapper fish, and (d) vacuolation of the brain.](VetWorld-11-1558-g005){#F4}

All the brain and eyes from fish, either stripped jack or Japanese jack mackerel, that infected by a stripped jack nervous necrosis virus (SJNNV) were positive by fluorescent antibody technique method \[[@ref19]\]. The histopathological result of Indonesian grouper samples was similar to SJNNV infection in Japan.

Discussion {#sec1-4}
==========

The previous study showed that the VNN infection in grouper has several clinical signs such as erratic swimming behavior, hypersensitive to the stimulation, and loss of the appetite \[[@ref20]\]. However, the VNN can inhibit by the maintenance of the water temperature (24-32°C), DO (\>4 ppm), pH (6.5-9), salinity (15-35 ppt), ammonium (\<0.1 ppm), and nitrite (\<0.1 ppm) \[[@ref21]\].

Waters in the tropical coastal with relatively high temperatures and small annual fluctuations submerged webs could be very rapidly passed by aquatic organisms so that if there was no regular cleaning could block the release of water through the net and caused low DO inside \[[@ref22]\]. However, it was different from the water quality results in the study where the DO content was normal (8.25±3.59). The optimal dissolved DO for the growth of groupers was \>5 ppm, whereas the temperature for maximum growth is 30°C \[[@ref23]\].

Fish mortality caused by Betanodavirus varying depends on the fish health status and water condition. In the open water, the VNN transmission from one location to another was caused by tidal currents, boats coming from the infected area, and the carrier of the VNN such as the migratory wild fish \[[@ref24]\]. Water was a prominent abiotic vector in the spreading of the VNN to nets, boots, and other cultivation equipment. Water mediates the VNN infection in the cultivated fish. During the infection period, VNN multiplies in the central nervous system tissues, and the infected fish serve as the horizontal infection to another \[[@ref25]\]. The manifestation of the VNN infection in the brain and eyes such as vacuolization, necrosis, and inflammation reported by the previous study \[[@ref8],[@ref19],[@ref26]\]. However, kidney and liver necrosis and inflammation found in the present study.

The environmental condition plays a prominent role in the fish defensive ability during the infection. The change of the environment leads to fish distress \[[@ref27]\]. Based on this study, the VNN infection in the Bintan district affected by the several variables such as the source of the juvenile, weather change, technician experience, the water DO, and feed. Natural food could be one source of the transmission of VNN. Natural food often used in the grouper cultivation that could form of trash fish. According to Gomez *et al*. \[[@ref11]\], trash fish and mollusks could be the source of the VNN in cultivated fish and caused high mortality until 90-100%.

Conclusion {#sec1-5}
==========

This study proves that Bintan water contaminated by the VNN with a total of the prevalence of 38%. There are three variables (net cleaning, net replacement, and technician knowledge) associated with the VNN based on the bivariate method. Based on the multivariate method, there are seven variables in two categories (positive and negative multiplier). The positive multiplier factor was the source of the juvenile, mid-weather change, technician experience, and DO, while the negative was salinity, mixed feed, and low weather changes. Natural infection of VNN on grouper in Bintan district causes the vacuolization of the brain, the eye, muscle near the eye, and necrosis and inflammation of the kidney.
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